The hypothesis that lactation reduces risk of breast cancer has been investigated in numerous epidemiological studies, but results remain inconclusive. In 1970, a large, international, case-control study reported no effect of lactation on breast cancer risk independent of age at first full-term pregnancy. 1 Regarded as definitive, these results led many researchers to ignore the effect of breastfeeding. In 1985, however, Byers et al. observed an independent protective effect of lactation among premenopausal women. 2 Several recent case-control studies have reported similar lower risks associated with breastfeeding limited mainly to premenopausal women, 3-14 but two cohort studies 15,16 and other case-control studies [17] [18] [19] [20] [21] [22] have reported no association.
The hypothesis that lactation reduces risk of breast cancer has been investigated in numerous epidemiological studies, but results remain inconclusive. In 1970, a large, international, case-control study reported no effect of lactation on breast cancer risk independent of age at first full-term pregnancy. 1 Regarded as definitive, these results led many researchers to ignore the effect of breastfeeding. In 1985, however, Byers et al. observed an independent protective effect of lactation among premenopausal women. 2 Several recent case-control studies have reported similar lower risks associated with breastfeeding limited mainly to premenopausal women, [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] but two cohort studies 15, 16 and other case-control studies [17] [18] [19] [20] [21] [22] have reported no association.
Previous studies examined the effects of various aspects of lactation on risk of breast cancer, including the role of ever having breastfed, duration of breastfeeding, number of children breastfed, and most recently, age at first lactation. Many found a lower risk of breast cancer with increasing duration of lactation. 2, [4] [5] [6] [8] [9] [10] [11] [12] 13 The results of studies that examined number of children breastfed have been inconsistent. 3, 9, 11, 17 Three studies reported that women who began breastfeeding at younger ages experienced greater reductions in risk than women who began lactating at later ages. 3, 6, 14 The effects of age at last lactation and amenorrhoea during lactation have not been previously addressed.
The present study used data from the Carolina Breast Cancer Study (CBCS), a population-based, case-control study of breast cancer in African-American and white women residents of North Carolina, to examine whether breastfeeding or specific aspects of lactation reduce the risk of breast cancer. Breastfeeding characteristics include lifetime duration of lactation, number of children breastfed, ages at first and last lactation, months without menstrual periods while breastfeeding, and the use of lactation suppressants.
Material and Methods
The Carolina Breast Cancer Study is a population-based, casecontrol study of breast cancer in African-American and white women residents of a 24-county area of central and eastern North Carolina. 23 Both cases and controls were sampled using a modification of randomized recruitment. 24 All women between the ages of 20 and 74 years who were diagnosed with a first, invasive breast cancer between 1 May 1993 and 31 May 1996, were eligible as cases for this study and were identified using the North Carolina Central Cancer Registry's Rapid Ascertainment System. 25 Sampling probabilities ensured approximately equal sample sizes in the four age-race groups: younger (20-49 years) African-American women, older (50-74 years) African-American women, younger white women and older white women; women of other races comprised Ͻ2% of the study population and were included with white women. Of the 1153 eligible and locatable cases, physicians refused to allow contact for 73 breast cancer patients (6%), and an additional 191 (17%) declined to participate. Thus, information from 890 cases was available for analysis, for an overall response rate of 77%. Participation rates for the four age-race groups were 83%, 81%, 74% and 68% for younger white and AfricanAmerican cases and older white and African-American cases, respectively.
Controls were drawn from a North Carolina Division of Motor Vehicles list for women aged 20-64 years, and a US Health Care Financing Administration list for women aged 65-74 years. Sampling probabilities for controls ensured approximate frequency-matching to cases by race and 5-year age groups. Of the 1245 eligible and locatable women, 404 (32%) declined to participate. Thus, information from 841 controls was available for analysis, for an overall response rate of 68%. Participation rates for the four age-race groups were 73%, 72%, 67% and 59% for younger white and African-American controls and older white and African-American controls, respectively.
Information was collected by personal interviews and focused on established and potential risk factors for breast cancer, including family history of cancer, menstrual and reproductive history, and sociodemographic and lifestyle characteristics. Lactation history was obtained for each live birth, including the duration, number of months without periods while lactating, and use of lactation suppressants. These variables were summed across all pregnancies for analyses.
Statistical analyses were restricted to parous women (751 cases [84%] and 743 controls [88%]). Analyses were performed separately for younger women (20-49 years), older women (50-74 years), and all women combined. The younger and older age ranges were used because of difficulties in assigning menopausal status unambiguously when surgery or hormone therapy is involved. This approximation reasonably characterized the older age-group, as 96% of both cases and controls reported being postmenopausal. However, approximately 31% of the cases and 32% of the controls in the younger age group were postmenopausal, primarily as a result of a surgical procedure. Thus, to control for residual confounding, menopausal status was included in all models involving younger women. Effect modification by menopausal status was also examined among younger women. Participants who were still menstruating were considered premenopausal, while women who reported reaching menopause naturally, surgically, or through radiation or chemotherapy for a condition other than breast cancer, were regarded as postmenopausal. Women who reported taking hormone replacement therapy were considered postmenopausal. There were 425 parous cases and 371 parous controls aged 20-49 years, and 326 parous cases and 372 parous controls aged 50-74 years. Sample sizes differed in some analyses due to occasional missing data.
Odds ratios (OR) and 95% confidence intervals (CI) were calculated using unconditional logistic regression models that examined the association between various aspects of lactation and breast cancer after adjustment for other covariates including: age (in 5-year groups), race, parity (number of pregnancies longer than 6 months), age at last full-term pregnancy, current body mass index (kg/m 2 ), history of breast or ovarian cancer in a first-degree relative, and menopausal status (when relevant). Analyses were performed in SAS using Proc Genmod, 26 which permits the use of an offset term to take into account the sampling design.
Results
Selected characteristics of parous cases and controls are presented in Table 1 . Cases had a younger mean age at menarche, older age at first full-term pregnancy, fewer children, lower body LACTATION AND BREAST CANCER RISK 397 mass index, higher waist-to-hip ratio, and were more likely to have a history of breast or ovarian cancer in a mother or sister. Cases and controls were similar with respect to education level, drinking and smoking status, and history of breast biopsy. These patterns were generally consistent when younger and older parous women were examined separately. Lactation characteristics for cases and controls, stratified by age are described in Table 2 . Fewer cases reported ever breastfeeding than controls across all age groups. Among women who breastfed, the mean lifetime duration was slightly longer for cases than controls (13.7 months versus 12.9 months, respectively, for all women). Older women reported lactating longer than younger women. Cases and controls were similar with respect to ages at first and last lactation, though older women had a mean age at first lactation of approximately 27 years, while older women began lactating earlier, on average, than younger women (22 years versus 27 years respectively). Younger women also reported a later age at last lactation (29 years) relative to older women (26 years). Cases and controls breastfed the same number of children, on average, but younger women breastfed fewer children than older women (two and three children, respectively). Younger cases and controls each reported missing approximately six menstrual cycles while lactating, while for older women, cases reported missing more months of periods while lactating than controls (eight for cases and five for controls).
Ever having breastfed was inversely associated with risk of breast cancer (Table 3) . When parous women who breastfed were compared to those who did not, OR (95% CI) of 0.8 (0.5-1.1), 0.7 (0.5-0.9) and 0.7 (0.5-0.8) were found for younger, older and all women, respectively. A stronger inverse association was not observed for women who breastfed longer, when total lifetime duration of lactation was divided into three groups (1-3, 4-12, 13+ months). Results were unchanged when different coding schemes were used, including using months of lactation as a continuous variable (data not shown). When OR were examined in relation to number of children breastfed, lower risks were generally observed, but a dose-response relationship was not seen. Timing of lactation also did not appear to influence breast cancer risk (Table 4) . Since the average age at first lactation varied between younger and older women, the exposure variables were categorized differently. Similar estimates were found for each age at first lactation range considered, with OR ranging from 0.7 to 0.8 among the younger women, 0.6 to 0.8 among older women, and 0.6 to 0.8 for women combined. Most, though not all, CI included 1.0. Residual confounding due to age at first full-term pregnancy could not be addressed, because it was highly correlated with age at first lactation. Small sample sizes resulted in unstable estimates when the effect of age at first lactation was examined using stratified analyses to control for age at first birth (results not shown). Assessment of age at last LACTATION AND BREAST CANCER RISK 399 a Adjusted for age, race, parity, age at first full-term pregnancy, family history of breast or ovarian cancer, body mass index and menopausal status.
b Adjusted for age, race, parity, age at first full-term pregnancy, family history of breast or ovarian cancer and body mass index. a Adjusted for age, race, parity, age at first full-term pregnancy, family history of breast or ovarian cancer, body mass index and menopausal status.
b Adjusted for age, race, parity, age at first full-term pregnancy, family history of breast or ovarian cancer and body mass index.
c OR comparing women р24 years versus those who never lactated.
d OR comparing women у25 years versus those who never lactated.
e OR comparing women у30 years versus those who never lactated.
lactation produced similar results. Adjusting for age at last full-term pregnancy did not significantly change the observed associations; however, among younger women, this could not be examined since the two age variables were highly correlated (r = 0.95).
The association between lactational amenorrhoea and lactation suppressant use and risk of breast cancer are summarized in Table 5 . Compared to those who never breastfed, parous women 20-74 years of age who breastfed but missed no menstrual cycles had an OR of 0.6. The OR for women who missed 1-6 months of menstrual cycles, 7-12 months, and more than 13 months were 0.8, 0.9 and 0.7. OR estimates for lactational amenorrhoea and breast cancer among the younger and older women also did not vary substantially: virtually all OR were less than 1.0, with overlapping CI. Lifetime duration of lactation did not appear to modify the effect of lactational amenorrhoea, as similar OR were found among women who breastfed for shorter (р6 months) and longer (у7 months) durations (data not shown). The use of lactation suppressants following pregnancy was reported by 58% of younger cases and controls and by 52% of older participants. It was not significantly associated with breast cancer risk in any age group.
Discussion
Our results suggest that breastfeeding is associated with a slight reduction in the risk of breast cancer among both younger and older parous women. As expected, the inclusion of nulliparous women in the 'never lactated' reference category resulted in stronger inverse associations (data not shown). Similar inverse relationships have been demonstrated in previous studies. 5, 6, [8] [9] [10] [12] [13] [14] The inverse association persisted, and did not vary appreciably, when specific aspects of lactation were examined in this study, including total lifetime duration, number of children breastfed, ages at first and last lactation, and number of months without periods while breastfeeding.
In contrast, prior investigations have reported lower risks of breast cancer with increasing duration of lactation, primarily among premenopausal women. 2, [4] [5] [6] [8] [9] [10] [11] [12] In their study of Chinese women, Yuan et al. reported the strongest inverse association among women who breastfed for 3 years or more. 13 In our US study population, both cases and controls tended to breastfeed for relatively short durations. The median lifetime duration of lactation was 8 months for parous cases and controls, while the mean was 13 months. Thus, if extended breastfeeding is necessary to detect a dose-response relationship, this study had limited power to do so. This reflects one potential difficulty encountered by researchers evaluating the role of lactation duration in countries where women do not breastfeed for extended durations. Results from previous studies regarding the relationship between number of children breastfed and breast cancer provide conflicting results. 3, 9, 11, 17 Our findings are consistent with those of Yoo et al. 11 and Negri et al. 17 who found no relationship with number of children breastfed.
To address the timing of lactation, ages at first and last lactation were examined. Contrary to three previous case-control studies, 3,6,14 we did not find that younger age at first lactation further reduced risk of breast cancer among premenopausal or postmenopausal women. Since most women in the study breastfed their first child, it was not possible to assess the independent effect of age at first birth and age at first lactation. Age at first lactation and age at last lactation also were highly correlated in these data, producing similar OR estimates for associations with breast cancer.
In 1993, the United Kingdom National Case-Control Study Group published results on the relationship between duration of amenorrhoea after a full-term pregnancy and breast cancer risk among women younger than 36 years. 9 After adjustment for a number of covariates, including duration of lactation, duration of postpartum amenorrhoea was not significantly associated with breast cancer. We also found that missing more menstrual cycles specifically during lactation did not decrease breast cancer risk. All durations of amenorrhoea showed modest inverse associations with breast cancer. These findings are contrary to expectation based on the model proposed by Pike et al. which hypothesizes a beneficial effect of decreased exposure to ovarian hormones during amenorrhoea. 30 The lack of an association between lactation suppressant use and breast cancer risk in all age groups is consistent with previous studies. 3, 6, 9, 21 Several hypotheses have been proposed to explain the inverse association between breastfeeding and breast cancer risk. One mechanism relates to a woman's reduced exposure to ovarian hormones during lactation. Since oestrogen and progesterone may play a role in breast cancer risk by increasing mitotic activity of breast cells, 29, 30 reduced exposure to ovarian hormones during lactation might confer a protective effect. 2, 5, 6, 29 Our findings did not support this theory, since neither longer durations of lactation nor longer periods of lactational amenorrhoea produced greater reductions in risk. However, as noted above, the variability in lifetime duration of lactation in this study may have been insufficient to test the relationship with breastfeeding duration.
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Another hypothesis suggests that a woman's overall body burden of potential carcinogens is reduced through elimination in breast milk, thereby reducing risk of breast cancer. 5, 31 Lactation might also prevent breast cancer through apoptosis, whereby cells are disintegrated into membrane-bound particles that are then phagocytosed by other cells. 32 After a woman stops lactating, her breasts undergo involution, as cells are resorbed into the body. 33 Resorption of initiated cells might result in a decreased risk of breast cancer. The first theory would predict a stronger inverse association among women who breastfed for longer durations, while the second theory suggests a greater protective effect for women who breastfed multiple children. Neither of these effects was seen in our data. Moreover, these theories suggest that later age at last lactation may confer greater protection, since body burden of both potential carcinogens and initiated cells might be expected to increase with age. Once again, our findings did not show this.
A fourth hypothesis suggests that the protective effect of lactation occurs through structural changes in breast tissue. Lactation causes epithelial cells to differentiate, potentially reducing their subsequent susceptibility to carcinogenesis. 5, 29 Since we observed that any lactation reduced breast cancer risk, irrespective of timing or duration, a permanent change during first occurrence is most compatible with our results. The lack of a linear relationship between number of children breastfed and breast cancer also lends support to this hypothesis.
In order to refine our understanding of the relationship between breastfeeding and breast cancer, future epidemiological studies should make distinctions between women who choose not to breastfeed, and those who are unable to, as inability to breastfeed might signify a hormonal imbalance or structural problem of the breast. If women who are unable to breastfeed successfully are at an increased risk of breast cancer, then failure to exclude them from the reference category of 'never lactated' would falsely indicate a protective effect of lactation. Yang et al. found that breast cancer risk was particularly elevated for women who tried to breastfeed but were unsuccessful. 10 It has been suggested that more detailed breastfeeding histories should be collected in future studies, including frequency of breastfeeding and supplementation with formula, so that women can be divided into more homogeneous exposure groups for analyses. 34 While obtaining this additional information might be useful in theory, it would be difficult to accomplish using case-control designs, in which lactation experience is collected retrospectively, often many years after a woman breastfed. Some limitations should be considered when interpreting our results. In this study, overall response rates differed by case-control status, age and race of the participant. Women who declined the home interview were asked to complete an abbreviated telephone interview (unpublished findings). No questions about breastfeeding were asked, but we were able to compare the demographic characteristics and breast cancer risk factors of these women and those who consented to the full interview. Women who completed only the partial interview were slightly older, had less education and were less likely to have ever been married. Nevertheless, they reported similar numbers of children, on average, and age at first full-term pregnancy. For most characteristics assessed, differences between those fully participating and those agreeing to a partial interview were modest and in the same direction for cases and controls, minimizing the concern about selection bias influencing the study's results.
Recall bias was unlikely to have influenced the results in this study. Breastfeeding is a defined event in a woman's life, and it has been demonstrated that women tend to remember accurately pregnancy-related events. 28 To further aid recall, the lactation questions were asked in the context of each pregnancy. Although the data were collected by nurses who knew the case status of participants, a standardized questionnaire was used, and lactation history was not the main focus of the interview. Stuver et al. suggested that studies reporting no association between breastfeeding and breast cancer among postmenopausal women were likely to have been influenced by non-differential misclassification due to poorer recall among older women. 22 This was not supported by our findings. The exposure most likely to be misclassified due to faulty recall is lactational amenorrhoea. While older women may have more difficulty recalling their reproductive history than younger women, there is little reason to suspect systematic differences in the way that cases and controls report the number of menstrual cycles missed while breastfeeding.
In summary, the results of this population-based study suggest that breastfeeding, regardless of duration or timing, is associated with a lower risk of breast cancer. Considering the conflicting results in the literature, it is premature to advise women to breastfeed solely to reduce their breast cancer risk. However, it is important to consider that no studies have found a harmful effect of breastfeeding, and the benefits for the baby's health overwhelmingly supports its promotion. 35 
